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More Chapter 7

spin-orbit effect and decouples L and 8 so that they precess about B nearly indepen-
dently; thus, the projections of L behave as if § = 0, and the effect reduces to three
lines, cach of which is a closely spaced doublet.

VRS AR Magnetic Field of the Sun The magnetic field of the Sun and
stars can be determined by measuring the Zeeman-cffect spiitting of spectral lines.
Suppose that the sodium D line emitted in a particular region of the solar disk is
observed to be split into the four-component Zeeman effect (sce Figure 7-30).
What is the strength of the solar magnetic field B in that region if the wavelength
difference Al between the shortest and the longest wavelengths is 0.022 nm? (The
wavelength of the D, line is 589.8 nm.)

SOLUTION
The D line is emitted in the 3*P, n 328, - From Equation 7-72 we compute the
Landé g factors to use in computing the AF values from Equation 7-71 as follows:

For the 3°P; level:
201724 1) + 120172+ 1) ~ 1 (1 + 1)

s=1 @272+ 1) 23
For the 3%§, 2 level:
e= 1t 1/2(1/2+ 1) + 1/2(1/2+1) — 0 _,
“ (2)(1/2)(1/2 + 1)
and from Equation 7-71,
For the 3*P, ; level:
AE = (2/3)(£1/2)(5.79 X 10" eV/gauss)B
For the 32§, p level:
AE = (2)(+1/2)(5.79 % 10°° eV /gauss ) B
The longest-wavelength line (m; = ~---%—>mj = —{fé) will have undergone a net
energy shift of
~193 X 10°B - 579 X 10°B = ~7.72 X 107° BeV
The shortest-wavelength line (m; = --|-%->mj. 7 5 will have undergone a net

energy shift of
193 X 107°B + 579 X 107°B = 7772 X 107 BeV
The total energy difference between these two photons is .
AE = —154 X 10* BeV
Since N = ¢/f = he/E,then AN = — (he/E*)AE = 0.022 nm. We then have that
AE = ~0.022nm(E*/he) = ~1.54 X 10 B

where £ = he /A = he/(589.9 nm). Finally, we have

(0022 X 107 nm) he
(589.8 X 107° nm)?(1.54 X 107*eV/T}(1.60 X 1077 ¥/eV)
B =051T = 5100 gauss

B =

For comparison, the Earth’s magnetic field averages about 0.5 gauss.
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